Granular cell variants of cutaneous basal cell tumors from three dogs are described. These tumors resemble a granular cell variant of basal cell tumor (carcinoma) in man. The tumors are characterized by classical basal cells as well as granular cells with numerous cytoplasmic granules. These granules are cytoplasmic vacuoles 0.3 pm to 1.5 pm that seem to be secondary lysosomes; they usually contain many small (42 nm), membranebound vesicles. No natural, non-neoplastic counterpart of these granular cells is known to exist in the skin, and the significance of the production and accumulation of the small vesicles is not known. The cytoplasmic granules, and their contents, resemble the granules of granular cell "myoblastoma" although granular basal cells are of epithelial origin.
The three original tumors were fixed immediately in 10% neutral buffered formalin. Upon receipt they were embedded and processed routinely for histologic examination. Sections were cut at 5 pm and stained with hematoxylin and eosin (HE), periodic acid-Schiff (PAS) with and without pretreatment with diastase, Alcian blue, mucicarmine, and a modification of Pascual's argyrophil stain [5] . Formalin-fmed tissues were retrieved for dogs 2 and 3 and small blocks were prepared for electron microscopy. The blocks were placed in cacodylate buffer overnight, dehydrated in graded ethyl alcohols and propylene oxide, then embedded in epon. Semi-thin sections, stained with toluidine blue, were examined, then suitable ultra-thin sections were cut and stained with uranyl acetate and lead citrate for electron microscopy.
Results
The tumors from all three dogs were similar. Each was a well-demarcated multilobular mass embedded in the dermis. The overlying epithelium was raised, smooth and partially haired. Cut surfaces were whitish and slightly friable. Small cystic spaces were in the tumors from dogs 1 and 2. Histologically, the lobules of neoplastic epithelium varied in size and were separated by thin septa of dense fibrous tissue. A few lymphocytes and plasma cells were scattered in the stroma. Two distinct types of neoplastic epithelium were present, basal cells and granular cells ( fig. 1 , 2). Usually, groups of lobules were composed completely of one cell type or the other. The basal cells were arranged in ribbons, clusters, and large islands embedded in a moderate amount of fibrovascular stroma. These cells were typical of those seen in basal cell tumors. They were of moderate size and uniform appearance, and were closely packed. The nuclei were ovoid and slightly vesicular, and had one or two small, dark nucleoli. In cells arranged in ribbon-like patterns there were palisades of nuclei with the long axes parallel. Mitotic figures were moderately frequent, with one or two per high-power field. The granular cells were arranged in a similar pattern, although the cords and islands of cells were wider because these were larger cells. Central cavitation was present in some lobules of granular and basal cells. The granular cells were uniform in appearance, closely packed, and somewhat polygonal. Nuclei often were eccentric and were more angular than those of the basal cells. Mitoses also were present in these cells, but less frequently than in the basal cells. The cytoplasm was plentiful and slightly eosinophilic with a fine vacuolar or granular appearance. In some cells there were a few larger, eosinophilic, spherical globules surrounded by a narrow clear zone; these resembled the so-called "pustulo-ovoid corpuscles of Milian" [4] . The small cytoplasmic granules were moderately PAS-positive and the globules were more strongly positive; this reaction was unaltered by pretreatment with diastase. In some cells the granules were also slightly positive for Alcian blue, but not for mucicarmine, and many granules stained positively with Pascual's argyrophil stain. In two tumors (dogs 2 and 3) the lobules of granular and basal cells were rarely in close proximity. In some areas of the tumor from dog 1, however, there was apposition of the granular and basal cells, suggesting either a common cell of origin or differentiation of the granular cells from the basal cells ( fig. 2 ). HE-stained sections of the recurrent tumor in dog 3 were available for review; these showed a typical ribbon-like basal cell tumor with no evidence of granular cells. Ultrastructurally, the basal cells were seen to rest upon a basement membrane and the plasma membranes of adjoining cells were closely apposed with slight interdigitation ( fig. 3 ). Desmosomes were frequent, nuclei were central, and a few mitochondria, scant rough endoplasmic reticulum, polyribosomes, and bundles of tonofilaments were scattered in the cytoplasm. The granular cells looked uniform and were closely apposed ( fig. 4 ). They also rested on a basement membrane and had a few small cytoplasmic interdigitations and moderate numbers of desmosomes ( fig. 5 ). The granules seen in HE sections were actually large vacuoles (0.3 pm to 1.5 pm in diameter) containing polymorphous material. Clusters of these vacuoles filled the cytoplasm, displaced many nuclei, and indented the nuclear margins. They usually were delineated by single-unit membranes, although some looked multilocular and there were short lengths of double-contoured membranes that suggested fusion of vacuoles. The vacuoles usually contained clusters of small, round or oval, membranous vesicles that had an average diameter of 42 nm and a range of 34 to 50 nm. These either had a moderately dense, amorphous core, or were hollow ( fig. 6 ). In addition to these vesicles, there were polymorphous dense granular accumulations and various short lengths and whorls of membranous material. Some of this material may have been broken remnants of the vesicles. There were also large cytoplasmic lamellar myelin figures within some scattered cells. The cytoplasmic globules seen in HE sections were large (1 pm to 3.5 pm), amorphous, electron-dense masses packed together with smaller pieces of granular material. A few scattered bundles of tonofilaments, some attached to desmosomes, were in most granular cells ( fig. 6 ). There were scant, scattered cytoplasmic organelles, similar to those in the basal cells.
Discussion
The histological appearance of the tumors suggested that they were benign, as are the usual variants of basal cell tumor [22] , although one did recur after 11 months. They were all on the head, as in man, but this is also a common location for other basal cell tumors in the dog [22] . The light-microscopic and ultrastructural morphology of the basal cells in these tumors was not unusual, but the granular cells were extraordinary and have not been described previously in domestic animals. Several other granular cell tumors ("myoblastomas"), however, have been described in animals 18, 11, 14, 151 and particularly in the tongue in dogs [8] . The tumors in these three dogs were virtually identical with the granular basal cell tumors of man [3] . They also resemble in many ways granular cell "myoblastomas", and even more closely resemble granular cell variants of ameloblastoma [7, 121. It is considered unlikely, however, that granular basal cell tumors are ectopic granular cell ameloblastomas [3] . The origin of granular cell "myoblastoma" remains controversial. Although probably not myogenic, and hence not a "myoblastoma," it is generally considered to be of mesenchymal origin, perhaps of Schwann's cell derivation [ 19, 201 . Granular basal cell tumors, however, are epithelial in origin, with cell junctions, desmosomes, tonofilaments, and basement membranes typical of epithelial cells. Neither do the granular cells resemble macrophages or reactive granular cells in sites of trauma [ 181.
The differentiation of epithelial cells into such granular cells seems to have no natural, non-neoplastic counterpart in the skin. The granules do not resemble melanin or keratohyaline granules [25] , the granules of Langerhans cells [ 161 or of Merkel cells [17] . Neither do they resemble the secretory granules of sebaceous, apocrine, or eccrine sweat glands [9] . Eccrine glands also are limited to the foot in the dog [13] . Ultrastructurally, none of the granules resembled neuro-endocrine secretory granules, so the positive argyrophil reaction was surprising. It has been suggested that acid sialoglycopeptides may contribute to the argyrophil material seen in endocrine cell granules [6] . Sialoglycopeptides also are important in the metabolism of various cell surface materials and may be a product of these granular basal cells. Cells of granular cell "myoblastoma," however, do not show a positive argyrophil reaction when a methenamine silver stain is used [2]. The membrane-coating granules of both keratinizing and non-keratinizing epithelium [ 10, 2 11 also are different from the granules in these tumors, and are about three to five times larger. So these granular cells seem to be unique, and the formation of the granules resembles no secretory process recognized in normal cells [9] ; rather, the granules look more like secondary lysosomes, although histochemical studies to show lysosomal enzymes could not be done. The similar granules in granular cell "myoblastoma" also are generally considered to be lysosomal, although some of them may contain a few organelles such as mitochondria as well [l, 191. The granules of the granular cell variants of basal cell tumor and ameloblastoma in man resemble those in these dogs [3, 7, 121, and those tumors also have eccentric nuclei; the nuclei in granular cell "myoblastoma" are central. The small vesicles of granular cell "myoblastoma" are slightly larger (50 to 60 nm) [ 11. These vesicles once were suspected to be viral particles, but they now are thought to be Golgi vesicles [20] . A prominent Golgi apparatus was not seen in these granular basal cells, and generally is not seen in mature "myoblastoma" cells [20] . Neither were so-called "angulate body cells" seen. These are fibroblast-like cells, containing fibrillar granules, which are found often in granular cell "myoblastoma" [19] .
Neither the small vesicles or the lysosomal structures were found in the basal cells, although the tumor from dog 1, in which granular and basal cells were in apposition, could not be examined ultrastructurally. So it seems likely that the granular cells share a common stem cell with the basal cells, and do not arise from them. The granular cells do not seem to be degenerate or "end-stage'' cells, because they were undergoing cell division. This mitotic activity illustrates the independence of the granular cells from the basal cells. The propensity of the granular cells to produce large numbers of vesicles, and the apparent lysosomal accumulation of them, seems to be a peculiar metabolic trait of the cells, a feature apparently shared by the cells of granular cell "myoblastoma."
The granular basal cell tumor seems to be uncommon, as only three were seen among more than 150 basal cell tumors in dogs. It is, however, a distinctive variant, and it is unlikely to cause histologic confusion, except perhaps with tumors containing areas of sebaceous cell differentiation. Biological behavior would be predicted to be similar to that of other basal cell tumors in the dog.
